Background
==========

Gastric cancer (GC) is the second most common cause of cancer-related deaths worldwide.[@b1-cmar-11-025] There are improvements in the treatment of GC, but the survival of these patients is still dismal, with a 5-year overall survival of less than 20% of patients.[@b1-cmar-11-025] Development in proteomics might help us to better understand the pathological pathways of GC and identify the targets that are more promising.[@b2-cmar-11-025] There exist several classifications for GC, and one of them is Lauren Classification. Under Lauren Classification, GC can be divided into intestinal and diffused types.[@b3-cmar-11-025] It has been found that tumor cells in the diffused type GC lack cell adhesion and infiltrate the stroma as a single cell or as a small subgroup, which lead to a population of scattered tumor cells. Arranged in tubular or glandular formations, intestinal tumor cells exhibit adhesion and have a better survival than diffused type GC.[@b4-cmar-11-025]

Extracellular matrix (ECM) proteins mainly maintain the tissue structure. Some ECM proteins, for example, matricellular proteins, secrete protein acidic, rich cysteine, osteoponin, and thrombospondin.[@b5-cmar-11-025] They affect cell function by modulating cell interactions. Periostin, a matricellular protein, belongs to the Fascilin family.[@b6-cmar-11-025]--[@b8-cmar-11-025] Periostin also known as osteoblast-specific factor 2 is commonly expressed in many normal tissues.[@b9-cmar-11-025] It is highly homologous to the beta ig-h3, ie, one of the members of the Fascilin-I protein family, which is a TGF-beta-responsive gene.[@b10-cmar-11-025],[@b11-cmar-11-025] Beta ig-h3 is responsible for cell adhesion and fibroblasts spreading through integrin alpha-b26, and it suppresses CHO cells to develop into nude mice.[@b12-cmar-11-025]

Periostin is overexpressed by TGF-b3 and is suppressed by Wnt-3 by inhibiting the glycogen kinase 3b (GSK-3b).[@b13-cmar-11-025] Overexpression of periostin gene has been found in lung cancer, which correlated with the poor survival.[@b14-cmar-11-025],[@b15-cmar-11-025] Periostin was present at a higher level in stage IV thymoma than in stage I thymoma, which suggests that an increase in the expression of periostin may be associated with the tumor progression.[@b16-cmar-11-025] Recently, several studies proved that periostin plays an important role in the occurrence and development of many tumors, such as colon, esophagus, pancreas, lung, ovary, and prostate cancers.[@b17-cmar-11-025]--[@b21-cmar-11-025] Periostin causes these tumors to advance, proliferate, and metastasize and results in epithelial--mesenchymal transformation, but the role of periostin in GC is still uncertain. There are several factors that affect the survival of GC patients; lymph nodes (LNs) metastasis is one among them.[@b22-cmar-11-025] The National Comprehensive Cancer Network (NCCN) guidelines recommend the perioperative use of chemotherapy or chemoradiotherapy in LN-positive patients.[@b23-cmar-11-025] For preoperative use of chemotherapy or chemoradiotherapy, accurate evaluation of LNs metastasis is important.[@b22-cmar-11-025]

A study showed that in GC, the extracellular periostin was markedly downregulated in the tumor tissue than in the normal tissue.[@b19-cmar-11-025] It was also reported that periostin as a niche component enhanced the tumor development by activating the ERK pathway.[@b24-cmar-11-025] The epithelial cell-derived periostin stabilized p53 and E-cadherin proteins through the Rb/E2F1/p14ARF/Mdm2 signaling pathway and suppressed GC.[@b25-cmar-11-025] Tumor microenvironment plays an important role in tumor development and metastasis.[@b26-cmar-11-025] The main component of the tumor microenvironment is tumor-associated macrophage (TAM). TAM is a M2-like phenotype, and the CD163 is a marker specific for M2 macrophage. Periostin have an effect in recruiting CD163(+) TAMs in glioma, ovarian cancer, and other diseases.[@b27-cmar-11-025]--[@b32-cmar-11-025]

There are few researches that studied the expression and effect of cellular or stromal periostin in GC. On the basis of the above findings, we investigated the expression of cellular and stromal periostin in tumor and normal tissues. The aim of this study was to evaluate the correlation between the expression of periostin in tumor tissues and LN metastasis and clinical characteristics in GC patients, and the influence of periostin on CD163(+) TAMs.

Patients and methods
====================

Patients and specimens
----------------------

Seven hundred forty-seven patients in the Second Affiliated Hospital of Wenzhou Medical University (Wenzhou, People's Republic of China), who underwent surgical resection for GC between December 2006 and July 2011, were included in this study. All the gastric adenocarcinoma tissues and 70 paired adjacent normal tissues (at least 10 cm from the negative margin) were formalin fixed paraffin embedded (FFPE) and confirmed by histopathologic analysis. This study consisted of 518 male and 204 female patients, whose age ranged from 20 to 86 years (median, 59 years). The demographic and clinicopathological characteristics such as age, gender, differentiation status, Lauren type, serum carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA 19-9) and carbohydrate antigen 72-4 (CA 72-4) levels, depth of invasion, LN metastasis, and TNM stage at the time of surgery (TNM stage was classified according to the *American Joint Committee on Cancer Staging Manual* eighth edition) were included. The Review Board of the Second Affiliated Hospital of Wenzhou Medical University (Zhejiang, People's Republic of China) approved this study. The tissue microarray (TMA) was constructed as described previously.[@b33-cmar-11-025] All patients were aware of the research and signed the informed consent form.

Immunohistochemistry (IHC)
--------------------------

IHC detection in TMA was performed manually. Briefly, the sections were dewaxed by incubating in dimethyl benzene at 45° for 60 minutes, followed by immersion in distilled water. Endogenous peroxidase activity was inhibited by incubating in a 0.5% hydrogen peroxide bath for 10 minutes. After washing three times with 0.01 M PBS (pH 7.4), the slides were immersed in citrate antigen retrieval buffer (Zhongshan Golden Bridge Biotechnology, Beijing, People's Republic of China). After blocking in sheep serum for 30 minutes, the sections were incubated with anti-POSTN antibody (HPA012306; Sigma Chemical Co., St. Louis, MO, USA; diluted 1:200) in a humidified chamber at 24°C for 2 hours. After washing three times with PBS, Dako EnVision FLEX detection system (Dako, Carpinteria, CA, USA) was used for visualization of the staining results according to the manufacturer's instructions. Slides were then counterstained using hematoxylin, dehydrated, and sealed with neutral gum.

Detection of periostin expression
---------------------------------

The TMA was processed in a flow as shown in [Figure 1](#f1-cmar-11-025){ref-type="fig"}. The total view of the TMA, which was obtained by a digital slice scanner (Easyscan6; MOTIC Medical Diagnostic Systems, Fuzhou, People's Republic of China), was separated into single spots, followed by eliminating microarray spots with no tumor tissue, missing spots, and spots with little valid area. The rest spots were estimated if the epithelial cells were periostin positive (percentage of positive cells ≥5%) or negative. In case of epithelial cell-negative tissue, a computer-automated method was conducted to evaluate the expression of periostin in stroma (Image pro plus 6.0; Media Cybernetics Inc.). Finally, average optical density (AOD; integrated optical density/total area) of the stromal periostin expression in epithelial cell-negative tissue was calculated. The TMAs stained for CD163 were processed in a similar method, and the expression level was represented as positive area ratio (positive area/total area).

Bioinformatics analysis of Gene Expression Omnibus (GEO) data sets
------------------------------------------------------------------

Periostin expression data for mRNA level and clinical information for GC available in GEO (<http://www.ncbi.nlm.nih.gov/geo/>) database were used to investigate the association between periostin expression level and the overall survival of GC patients. Data from six available GEO data sets, GSE14210 (n=146), GSE15459 (n=200), GSE22377 (n=43), GSE29272 (268), GSE51105 (n=94), and GSE62254 (n=300), were obtained. Eight hundred seventy-six patients with detailed information were included in the analysis. Univariate survival analysis and Kaplan--Meier analysis with a log-rank test were used to construct survival curves. All percentiles between the first and third quartiles were computed, and the best performing threshold was used as a cutoff value to sort all the patients into low- and high-expression groups. All the bioinformatics analyses were performed using Kaplan--Meier Plotter (<http://kmplot.com/analysis/>).

Statistical analyses
--------------------

Chi-squared test was used to compare the positive rate of periostin in epithelial cells among different kinds of tissues. Mann--Whitney *U* test was performed to compare AOD of stromal periostin expression level in epithelial cell-negative tissue among different kinds of tissues. The cutoff value of AOD of stromal periostin expression in epithelial cell-negative tissue was determined by overall survival-specific receiver operating curve (ROC) analysis according to the Youden index. The patients of epithelial cell-negative group were then divided into high-expression and low-expression subgroups.

A comparison among the clinicopathological variables was made using the chi-squared test. After univariate analysis, variables with *P*-value \<0.05 were included in the multivariate logistic regression analysis to confirm independent variables. The forward stepwise method was used to eliminate variables that did not yield significant information. The HR and 95% CI of each independent variable were calculated. Univariate survival analysis and Kaplan--Meier's analysis with a log-rank test were performed to construct survival curves. Mann--Whitney *U* test was performed to compare the expression of CD163 in different GC tissues. Statistical analyses were performed using R and SPSS V.23 for Windows (SPSS Inc., Chicago, IL, USA). Statistical significance was defined as *P*\<0.05.

Results
=======

Cellular and stromal periostin was differentially expressed in GC and adjacent normal tissues
---------------------------------------------------------------------------------------------

IHC was used to determine the periostin expression in GC tissue and adjacent normal tissue. Periostin was expressed in the stroma of all the tissues at various levels ([Figure 2B, C, E, F, H, and J](#f2-cmar-11-025){ref-type="fig"}). The part of tissues even showed an intracellular staining pattern in epithelial cells ([Figure 2A, D, G, and I](#f2-cmar-11-025){ref-type="fig"}). Six hundred seventy-five tumor tissues and 69 adjacent normal tissues were used for analysis. The positive proportion of periostin in epithelial cells of tumor tissue was 20.6% (139 of 675), which is much higher than 8.7% (6 of 69, *P*=0.016) in epithelial cells of the adjacent normal tissue ([Figure 2K](#f2-cmar-11-025){ref-type="fig"}). In all the periostin epithelial cell-negative tissues, AOD of stromal periostin expression in adjacent normal tissue was significantly higher than that in GC tissue (*P*\<0.001; [Figure 2L](#f2-cmar-11-025){ref-type="fig"}). The expression of periostin in different types of gastric tissues varied. A total of 27.2% (91/338) was positive in intestinal type GC tissue, which was significantly higher than the diffuse type GC tissue (13.7%, 45/328, *P*\<0.001; [Figure 2M](#f2-cmar-11-025){ref-type="fig"}). AOD of stromal periostin expression in intestinal type GC tissue was significantly higher than that in the diffuse type GC tissue (*P*=0.010; [Figure 2N](#f2-cmar-11-025){ref-type="fig"}).

Periostin expression is associated with lesser LN metastasis
------------------------------------------------------------

There was a statistical significance between periostin epithelial cell-positive and periostin epithelial cell-negative groups with respect to gender (*P*=0.016), differentiation status (*P*\<0.001), Lauren type (*P*\<0.001), depth of invasion (*P*=0.008), LN involvement (*P*\<0.001), and TNM stage (*P*=0.003). For the expression of stromal periostin, a similar difference in depth of invasion (*P*\<0.001), LN involvement (*P*=0.002), and TNM stage (*P*\<0.001) were observed ([Table 1](#t1-cmar-11-025){ref-type="table"}). Univariate analysis showed that cellular and stromal periostin, age, diameter, Lauren type, serum CEA, serum CA19-9, serum CA72-4, depth of invasion, and differentiation status were potential factors for the LN involvement (*P*\<0.005; [Table S1](#SD1-cmar-11-025){ref-type="supplementary-material"}). In multivariate analysis, we found that these factors were independent predictors of LN metastasis (*P*\<0.05). We also found that periostin is a protective factor ([Table 2](#t2-cmar-11-025){ref-type="table"}).

Loss of periostin expression is associated with worse survival of GC patients
-----------------------------------------------------------------------------

Kaplan--Meier survival analysis was performed in patients with different periostin expression levels in epithelial cells and stromal of tumor tissue. Our analysis revealed that the patients with periostin epithelial cell-positive GC had a favorable survival compared to those with periostin epithelial cell-negative GC (*P*=0.003, HR=0.600, 95% CI=0.428--0.841; [Figure 3A](#f3-cmar-11-025){ref-type="fig"}). Similarly, the stromal periostin high-expression group had a longer overall survival relative to the low-expression group (*P*=0.004, HR =0.638, 95% CI=0.468--0.870; [Figure 3B](#f3-cmar-11-025){ref-type="fig"}). We obtained the periostin expression and matched it with the clinical information from six available data sets in GEO database. The results about the survival analysis supported our finding. The high-expression group had a better survival compared to the low-expression group (*P*=0.046, HR=0.84, 95% CI=0.71--1; [Figure 4](#f4-cmar-11-025){ref-type="fig"}).

To explore the association of periostin with different histologic subtypes of GC, the patients were divided into two groups according to the Lauren classification: intestinal type and diffuse type. In intestinal type GC, a significant difference in survival was observed between periostin epithelial cell-positive group and periostin epithelial cell-negative group (*P*=0.006, HR=0.505, 95% CI=0.306--0.831; [Figure 5A](#f5-cmar-11-025){ref-type="fig"}) and between high-expression subgroup and low-expression subgroup in periostin epithelial cell-negative group (*P*=0.018, HR=0.561, 95% CI=0.344--0.913; [Figure 5B](#f5-cmar-11-025){ref-type="fig"}). There was no statistical significance with the diffuse type ([Figure 5C and D](#f5-cmar-11-025){ref-type="fig"}). Multivariate Cox regression analysis showed that periostin expression in the epithelial cell positive tissues and high expression in epithelial cell-negative tissue was not an independent protection factor for intestinal type GC ([Tables S2](#SD2-cmar-11-025){ref-type="supplementary-material"} and [S3](#SD3-cmar-11-025){ref-type="supplementary-material"}).

Periostin recruited TAMs in diffuse type of GC
----------------------------------------------

TMAs were stained for CD163 to investigate the relevance between periostin expression and CD163(+) TAMs. In accordance with the previous study, in diffuse type GC, both epithelial cell-positive group and stromal periostin high-expression group had a higher relative intensity of CD163 than the other groups (*P*=0.008 and 0.008, respectively; [Figure 6C, D](#f6-cmar-11-025){ref-type="fig"}). However, periostin expression was not associated with CD163 in intestinal type GC ([Figure 6A and B](#f6-cmar-11-025){ref-type="fig"}).

Discussion
==========

In situ hybridization analysis showed that periostin mRNA was absent in lung cancer tissues but was expressed in the stromal tissue that surrounded the cancer tissue.[@b16-cmar-11-025] There are two conflicting studies that have been published on the periostin production in the breast cancer; first study showed that periostin was produced by the epithelial cancer cells and the second study showed that periostin was produced by the stromal cells around the cancer cells.[@b34-cmar-11-025] Kim et al[@b34-cmar-11-025] stated that there are two explanations for these controversial findings; first, the function of periostin is dependent on the tumor histopathology. They found that periostin mRNA was overexpressed in urinary bladder squamous cell carcinoma, which was contrary in the urinary bladder transitional cell carcinoma.[@b34-cmar-11-025] In our study, we found that in GC tissue, periostin expression in stroma was downregulated and periostin expression in epithelial cells was upregulated.

According to the Lauren Classification, GC can be histologically divided into two subtypes: the intestinal type and the diffused type.[@b35-cmar-11-025] Having differences in etiology, pathology, and epidemiology, the two subtypes of GC have certain genes or proteins that are expressed at different levels.[@b35-cmar-11-025] We studied the difference in periostin expression between the two histological subtypes. We found that the stromal and (epithelial) cellular periostin expression levels were significantly higher in the intestinal type GC than the diffuse type GC (*P*\<0.001). This finding proved that periostin may play a different role in different histological types. Second, the function is also dependent on the spicing site at the *C*-terminal region.[@b34-cmar-11-025],[@b36-cmar-11-025] Takeshita et al[@b36-cmar-11-025] concluded that five different spliced transcripts can be produced at the *C*-terminal region. Although their functions have not been studied, they speculated that the alternative splicing event might affect the invasiveness and metastasis function of tumors. Kim et al[@b34-cmar-11-025] showed that *C*-terminal region of the periostin can suppress the in vitro cell metastasis and in vivo lung metastasis. Periostin stabilizes p53 and E-cadherin proteins through the Rb/E2F1/p14ARF/Mdm2 signaling pathway, which suppresses the malignancy and the metastasis of tumor cells both in vivo and vitro.[@b25-cmar-11-025] We compared the survival of the patients with different periostin expression levels in GC. Results showed that patients in epithelial cell-positive group and high-expression stroma subgroup had a better survival. Analysis of 876 patients from six GEO data sets proved our result. We found that the expression of periostin was associated with a better survival.

The NCCN guidelines recommend special treatment strategy for patients with LN metastasis. The treatment should be either perioperative chemotherapy or chemoradiotherapy, but the diagnosis of LN metastasis should be performed accurately.[@b23-cmar-11-025] During gastrectomy, the extended LN resection depends on the number of LN metastasis. Standard D2 lymphadenectomy is not recommended in all GC patients.[@b37-cmar-11-025],[@b38-cmar-11-025] In an Italian research, it has been suggested that D2 lymphadenectomy should be carried out only in advanced GC patients.[@b39-cmar-11-025] Early GC can be managed by endoscopic treatment.[@b40-cmar-11-025] Therefore, the prediction of LN metastasis is essential before the selection of the therapeutic options.[@b22-cmar-11-025] Nowadays, in clinical settings, LNs metastasis is mostly evaluated by imaging techniques such as endoscopic ultrasonography (EUS), computed tomography, and magnetic resonance imaging (MRI).[@b41-cmar-11-025]--[@b43-cmar-11-025] Studies found that these imaging methods are not reliable to determine LNs metastasis due to their low sensitivity and specificity.[@b41-cmar-11-025] This encourages researchers to search for novel biomarkers that can predict LNs metastasis in GC patients.[@b44-cmar-11-025] From our study, we found that periostin was an independent predictor of LN metastasis. Patients with high periostin expression have less LN metastasis. Periostin may help clinician to preoperatively plan for extended LN dissection in GC patients.

Several evidences showed that the tumor microenvironment plays an important role in the tumor development.[@b26-cmar-11-025] One of the major constituents of the tumor microenvironment is TAMs, which is also known as tumor-infiltrating macrophages.[@b45-cmar-11-025]--[@b47-cmar-11-025] Studies showed that TAMs promote tumor initiation, development, and distant metastasis by enhancing the tumor angiogenesis, invasion, and migration ability.[@b28-cmar-11-025] Macrophage is one of the major components that infiltrates most tumors. Macrophages exists in two polarized conditions, first is classically activated (M1) state and the second is alternatively activated (M2).[@b48-cmar-11-025],[@b49-cmar-11-025] M1 macrophage has the antitumor effect, whereas the M2 macrophage enhances tumor invasion and metastasis; most of the TAM have M2-like phenotype.[@b48-cmar-11-025],[@b49-cmar-11-025] There are several markers for M1 and M2 macrophages, and CD68 is a pan-macrophage marker that is frequently used.[@b49-cmar-11-025],[@b50-cmar-11-025] CD68 is a marker for TAM that recognizes both M1 and M2 macrophages. CD163 is a marker specifically for M2 macrophages, and it has been used in several researchers to study aggressive cancers, and it is proved that CD163 is associated with poor overall survival in cancer patients.[@b45-cmar-11-025] In breast cancer, tumor stroma infiltrated with CD163 macrophages was associated with high grade and tumor size.[@b50-cmar-11-025] Our study showed that CD163 is associated with diffuse type GC.

Intestinal GC is usually associated with lymphatic or vascular invasion, and intestinal type GC has a better survival than diffuse type GC.[@b3-cmar-11-025] Diffuse GC usually originates from the gastric mucosa and mostly occurs in younger patients because of a chronic active inflammation.[@b35-cmar-11-025] Periostin has immunological roles in various malignancies and diseases.[@b28-cmar-11-025],[@b30-cmar-11-025],[@b31-cmar-11-025] Studies found that periostin recruit macrophages through integrin alpha-v-beta-3.[@b26-cmar-11-025] We studied the association of periostin and the tumor microenvironment. In diffuse type GC, the expression of periostin was associated with CD163(+) TAMs. This meant that in diffuse type GC patients, periostin might recruit CD163(+) TAMs. This can explain why periostin can act as a suppressor in intestinal type GC and not in diffuse type GC.

Conclusion
==========

Extended lymphadenectomy is a very important decision for surgeons preparing for surgery. Periostin expression can help surgeons in predicting the LN metastasis and survival of patients. We found that high periostin expression has a more favorable survival in patients with intestinal GC. We also found that in diffuse GC, periostin might recruit CD163 (+) TAM, which might account for its poorer survival.
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###### 

Univariate analysis of clinicopathological characteristics according to the lymph node involvement

  Variables, n (%)                                             Total        Epithelial cell-negative group                                       
  ------------------------------------------------------------ ------------ -------------------------------- --------- ------------ ------------ ---------
  Periostin in epithelial cell or expression level in stroma                                                 \<0.001                             0.002
   Negative or low level                                       185 (72.3)   333 (83.7)                                 111 (60.3)   245 (73.6)   
   Positive or high level                                      71 (27.7)    65 (16.3)                                  73 (39.7)    88 (26.4)    
  Gender                                                                                                     0.776                               0.834
   Male                                                        204 (72.3)   314 (71.4)                                 126 (68.5)   231 (69.4)   
   Female                                                      78 (27.7)    126 (28.6)                                 58 (31.5)    102 (30.6)   
  Age                                                                                                        0.881                               0.928
   \<60                                                        145 (52.0)   227 (52.5)                                 99 (54.1)    175 (53.7)   
   ≥60                                                         134 (48.0)   205 (47.5)                                 84 (45.9)    151 (46.3)   
  Diameter (cm)                                                                                              \<0.001                             \<0.001
   \<4                                                         199 (71.3)   135 (30.8)                                 131 (72.0)   101 (30.4)   
   ≥4                                                          80 (28.7)    304 (69.2)                                 51 (28.0)    231 (69.6)   
  Lauren type                                                                                                \<0.001                             \<0.001
   Intestinal type                                             162 (63.0)   170 (41.2)                                 107 (59.4)   132 (39.8)   
   Diffuse type                                                95 (37.0)    243 (58.8)                                 73 (40.6)    200 (60.2)   
  Serum CEA (ng/mL)                                                                                          \<0.001                             \<0.001
   \<5                                                         247 (91.5)   305 (74.0)                                 166 (93.8)   240 (76.4)   
   ≥5                                                          23 (8.5)     107 (26.0)                                 11 (6.2)     74 (23.6)    
  Serum CA19-9 (U/mL)                                                                                        \<0.001                             \<0.001
   \<37                                                        240 (93.0)   310 (78.5)                                 156 (92.3)   237 (79.0)   
   ≥37                                                         18 (7.0)     85 (21.5)                                  13 (7.7)     63 (21.0)    
  Serum CA72-4 (U/mL)                                                                                        \<0.001                             0.002
   \<6.9                                                       171 (88.1)   234 (72.9)                                 111 (87.4)   183 (73.5)   
   ≥6.9                                                        23 (11.9)    87 (27.1)                                  16 (12.6)    66 (26.5)    
  Depth of invasion                                                                                          \<0.001                             \<0.001
   T0+T1+T2                                                    193 (68.7)   75 (17.1)                                  120 (65.2)   56 (16.8)    
   T3+T4                                                       88 (31.3)    364 (82.9)                                 64 (34.8)    277 (83.2)   
  Differentiation status                                                                                     \<0.001                             \<0.001
   Well and moderate                                           112 (46.3)   112 (26.7)                                 68 (43.0)    78 (24.9)    
   Poor and undifferentiated                                   130 (53.7)   307 (73.3)                                 90 (57.0)    235 (75.1)   

**Abbreviations:** CA19-9, carbohydrate antigen 19-9; CA72-4, carbohydrate antigen 72-4; CEA, carcinoembryonic antigen.

###### 

Cox regression analysis of periostin expression in epithelial cell according to the overall survival in patients with intestinal type gastric cancer

  Variables                                                        Overall survival                                          
  ---------------------------------------------------------------- ----------------------- --------- ----------------------- -------
  Periostin expression in epithelial cell (positive vs negative)   0.505 (0.306--0.831)    0.007     0.884 (0.454--1.724)    0.718
  Adjuvant chemotherapy (yes vs no)                                3.472 (2.109--5.716)    \<0.001   1.405 (0.714--2.762)    0.325
  Serum CEA (ng/mL; ≥5 vs \<5)                                     2.646 (1.733--4.042)    \<0.001   1.077 (0.581--1.997)    0.814
  Serum CA19-9 (U/mL; ≥37 vs \<37)                                 2.555 (1.633--3.999)    \<0.001   1.535 (0.825--2.765)    0.154
  Serum CA72-4 (U/mL; ≥6.9 vs \<6.9)                               1.945 (1.157--3.268)    0.012     1.098 (0.617--1.956)    0.750
  Diameter (cm; ≥4 vs \<4)                                         4.408 (2.838--6.848)    \<0.001   2.228 (1.213--4.091)    0.010
  Depth of invasion (T3+T4 vs T0+T1+T2)                            7.999 (4.546--14.075)   \<0.001   3.220 (1.278--8.111)    0.013
  Lymph node involvement (yes vs no)                               7.094 (4.156--12.109)   \<0.001   3.917 (1.499--10.231)   0.005
  TNM stage (III+IV vs 0+I+II)                                     6.302 (4.071--9.756)    \<0.001   0.589 (0.240--1.445)    0.247
  Differentiation grade (poorly vs well+moderately)                1.434 (0.967--2.127)    0.073     1.291 (0.771--2.159)    0.331

**Abbreviations:** CA19-9, carbohydrate antigen 19-9; CA72-4, carbohydrate antigen 72-4; CEA, carcinoembryonic antigen.

###### 

Cox regression analysis of periostin expression in stroma according to the overall survival in the epithelial cell-negative patients with intestinal gastric cancer

  Variables                                                  Overall survival                                         
  ---------------------------------------------------------- ----------------------- --------- ---------------------- -------
  Periostin expression in stroma (high level vs low level)   0.561 (0.344--0.913)    0.020     0.696 (0.381--1.270)   0.237
  Adjuvant chemotherapy (yes vs no)                          3.124 (1.809--5.395)    \<0.001   1.543 (0.729--3.265)   0.257
  Serum CEA (ng/mL; ≥ 5 vs \<5)                              3.071 (1.917--4.920)    \<0.001   1.369 (0.704--2.665)   0.355
  Serum CA19-9 (U/mL; ≥37 vs \<37)                           2.349 (1.429--3.859)    0.001     1.497 (0.777--2.886)   0.228
  Serum CA72-4 (U/mL; ≥6.9 vs \<6.9)                         1.638 (0.911--2.944)    0.099     0.997 (0.520--1.911)   0.994
  Diameter (cm; ≥ 4 vs \<4)                                  3.999 (2.469--6.479)    \<0.001   1.949 (1.014--3.746)   0.045
  Depth of invasion (T3+T4 vs T0+T1+T2)                      6.032 (3.331--10.922)   \<0.001   2.162 (0.838--5.581)   0.111
  Lymph node involvement (yes vs no)                         4.856 (2.771--8.508)    \<0.001   2.716 (0.980--7.523)   0.055
  TNM stage (III+IV vs 0+I+II)                               4.633 (2.890--7.427)    \<0.001   0.710 (0.270--1.867)   0.487
  Differentiation grade (poorly vs well+moderately)          1.249 (0.803--1.941)    0.324     1.347 (0.765--2.372)   0.302

**Abbreviations:** CA19-9, carbohydrate antigen 19-9; CA72-4, carbohydrate antigen 72-4; CEA, carcinoembryonic antigen.
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![The process flow of each spot in the TMA.\
**Abbreviations:** AOD, average optical density; IHC, immunohistochemistry; IOD, integrated optical density; TMA, tissue microarray.](cmar-11-025Fig1){#f1-cmar-11-025}

![Periostin expression in GC and adjacent normal tissue.\
**Notes:** (**A, D, G,** and **I**) Periostin staining in epithelial cell-positive normal and tumor tissues. (**B** and **E**) Low expression of periostin in epithelial cell-negative normal and tumor tissues. (**C, F, H,** and **J**) High expression of periostin in epithelial cell-negative normal and tumor tissue. (**K** and **L**) Differential expression of cellular and stromal periostin between tumor and adjacent normal tissue. (**M** and **N**) Differential expression of cellular and stromal periostin between intestinal type and diffuse type GC.\
**Abbreviations:** AOD, average optical density; GC, gastric cancer.](cmar-11-025Fig2){#f2-cmar-11-025}

![Periostin epithelial cell negative and low expression in epithelial cell-negative tissue were associated with the poor survival of GC patients.\
**Notes:** (**A**) Different survivals between patients with periostin epithelial cell-negative or periostin epithelial cell-positive GC. (**B**) Different survivals between patients with stromal periostin low-expression or high-expression GC whose periostin was negative in epithelial cell tumors. Log-rank *P*-values are derived from Kaplan--Meier analysis with log-rank test.\
**Abbreviation:** GC, gastric cancer.](cmar-11-025Fig3){#f3-cmar-11-025}

![Different survivals between patients with different expression levels of periostin in GEO data sets, GSE14210, GSE15459, GSE22377, GSE29272, GSE51105, and GSE62254.\
**Note:** Log-rank *P*-values are derived from Kaplan--Meier analysis with log-rank test.\
**Abbreviation:** GEO, Gene Expression Omnibus.](cmar-11-025Fig4){#f4-cmar-11-025}

![The loss of periostin expression is associated with worse survival of intestinal type GC patients compared to that of diffuse type GC patients.\
**Notes:** (**A** and **B**) Different survivals between patients with intestinal type GC according to the cellular or stromal periostin expression. (**C** and **D**) Different survivals between patients with diffuse type GC according to the cellular or stromal periostin expression. Log-rank *P*-values are derived from Kaplan--Meier analysis with log-rank test.\
**Abbreviation:** GC, gastric cancer.](cmar-11-025Fig5){#f5-cmar-11-025}

![Expression of CD163 in different periostin expression tumor tissues.\
**Notes:** (**A** and **B**) Neither epithelial cellular periostin nor stromal periostin expression was associated with expression of CD163 in intestinal type GC. (**C** and **D**) Epithelial cellular periostin and stromal periostin had a positive area/total correlation with CD163 in diffuse type GC. Relative intensity of CD163 was represented by positive area/total area of the spot).](cmar-11-025Fig6){#f6-cmar-11-025}

###### 

The clinical characteristics of patients according to periostin expression

  Variables                       Periostin expression in epithelial cells of tumor tissue   Periostin expression level in epithelial cell-negative tumor tissue                                       
  ------------------------------- ---------------------------------------------------------- --------------------------------------------------------------------- --------- ------------ ------------ ---------
  Age (years), n (%)                                                                                                                                               0.098                               0.155
   \<60                           275 (53.9)                                                 61 (45.9)                                                                       181 (51.7)   93 (58.5)    
   ≥60                            235 (46.2)                                                 72 (53.7)                                                                       169 (48.3)   66 (41.5)    
  Gender, n (%)                                                                                                                                                    0.018                               0.288
   Male                           358 (69.1)                                                 108 (79.4)                                                                      251 (70.5)   106 (65.8)   
   Female                         160 (30.9)                                                 28 (20.6)                                                                       105 (29.5)   55 (34.2)    
  Differentiation status, n (%)                                                                                                                                    \<0.001                             0.831
   Well and moderate              147 (31.1)                                                 62 (47.7)                                                                       101 (30.7)   45 (31.7)    
   Poor and undifferentiated      325 (68.9)                                                 68 (52.3)                                                                       228 (69.3)   97 (68.3)    
  Lauren type, n (%)                                                                                                                                               \<0.001                             0.068
   Intestinal type                247 (46.6)                                                 91 (66.9)                                                                       161 (43.9)   85 (52.5)    
   Diffuse type                   283 (53.4)                                                 45 (33.1)                                                                       206 (56.1)   77 (47.5)    
  Serum CEA (ng/mL), n (%)                                                                                                                                         0.538                               0.305
   \<5                            406 (82.5)                                                 101 (80.2)                                                                      273 (81.5)   133 (85.3)   
   ≥5                             86 (17.5)                                                  25 (19.8)                                                                       62 (18.5)    23 (14.7)    
  Serum CA19-9 (U/mL), n (%)                                                                                                                                       0.755                               0.481
   \<37                           394 (83.8)                                                 102 (85.0)                                                                      263 (83.0)   130 (85.5)   
   ≥37                            76 (16.2)                                                  18 (15.0)                                                                       54 (17.0)    22 (14.5)    
  Serum CA72-4 (U/mL), n (%)                                                                                                                                       0.934                               0.782
   \<6.9                          295 (78.2)                                                 70 (78.7)                                                                       196 (77.8)   98 (79.0)    
   ≥6.9                           82 (21.8)                                                  19 (21.3)                                                                       56 (22.2)    26 (21.0)    
  Depth of invasion, n (%)                                                                                                                                         0.006                               \<0.001
   T1+T2                          176 (34.0)                                                 63 (46.7)                                                                       103 (28.9)   73 (45.3)    
   T3+T4                          342 (66.0)                                                 72 (53.3)                                                                       253 (71.1)   88 (54.7)    
  Lymph node involvement, n (%)                                                                                                                                    \<0.001                             0.002
   No                             185 (35.7)                                                 71 (52.2)                                                                       111 (31.2)   73 (45.3)    
   Yes                            333 (64.3)                                                 65 (47.8)                                                                       245 (68.8)   88 (54.7)    
  TNM stage, n (%)                                                                                                                                                 0.002                               \<0.001
   I+II                           238 (45.9)                                                 82 (60.7)                                                                       145 (40.7)   93 (57.8)    
   III+IV                         280 (54.1)                                                 53 (39.3)                                                                       211 (59.3)   68 (42.2)    

**Abbreviations:** CA19-9, carbohydrate antigen 19-9; CA72-4, carbohydrate antigen 72-4; CEA, carcinoembryonic antigen.

###### 

Results of the clinicopathological parameters for gastric cancer with lymph node involvement by multivariate logistic analyses

                                                                                                                            Lymph node involvement                                    
  ------------------------------------------------------------------------------------------------------------------------- ------------------------ --------- ---------------------- ---------
  Periostin expression in epithelial cell or expression level in stroma (positive vs negative or high level vs low level)   0.494 (0.268--0.909)     \<0.001   0.935 (0.522--1.676)   0.028
  Diameter (cm; ≥4 vs \<4)                                                                                                  2.375 (1.393--4.050)     \<0.001   2.925 (1.611--5.310)   \<0.001
  Lauren type (diffuse type/intestinal type)                                                                                1.578 (0.907--2.744)     \<0.001   1.470 (0.804--2.687)   \<0.001
  Serum CEA (ng/mL; ≥5 vs \<5)                                                                                              3.549 (1.534--8.211)     \<0.001   3.416 (1.274--9.156)   \<0.001
  Serum CA19-9 (U/mL; ≥37 vs \<37)                                                                                          1.737 (0.819--3.685)     0.003     1.387 (0.606--3.172)   0.031
  Serum CA72-4 (U/mL; ≥6.9 vs \<6.9)                                                                                        1.199 (0.622--2.313)     0.005     1.252 (0.601--2.608)   0.031
  Depth of invasion (T3+T4 vs T0+T1+T2)                                                                                     4.387 (2.545--7.562)     \<0.001   3.369 (1.864--6.088)   \<0.001
  Differentiation status (poorly vs well+moderately)                                                                        1.897 (1.066--3.377)     \<0.001   1.911 (1.012--3.607)   \<0.001

**Abbreviations:** CA19-9, carbohydrate antigen 19-9; CA72-4, carbohydrate antigen 72-4; CEA, carcinoembryonic antigen.
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